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WIRELESS  TELEPHONE  TRANSMITTER 


/Following  is  &  full  translation  of  an 
article  written  by  Sheri  Chin-chen  appear- 
in*  In  Wu-11  T 1 ung-pap  (Physics  Bulletin) 
No  4*  Peiping,  I960  pages  168-169*/ 


In  the  teaching  of  physics  in  the  third  year  of  | 

higher  middle  school,  a  difficulty  was  felt  by  the  teachers 
I  "  ; 

[and  students  in  studying  the  cahpter  of  electromagnetic 

i 

j oscillation,  especially  in  the  section  of  electromagnetic 
wave  transmitting «  It  Is  often  due  to  the  lacking  of  j 

teaching  equipment  that  the  teachers*  explanation  and  the  j 
.students’  understanding  become  a  problem.  Although  we  can 

fuse  the  induction  coil  and  neon  tub®  now  In  hand  to  con- 

! 

struct  the  simplest  sparking  type  of  transmitter  to  solve  j 
part  of  the  difficulty,  this  kind  of  teaching  equipment  1 

cannot  explain  the  modulation  effect  in  a  wireless  tele- 

;  _  •  ■  ‘  | 
phone  transmitter.  To  solve  the  above-mentioned  problem, 

the  following  three  simple,  experimental  circuits  have  j 

i 

been  especially  recommended  for  reference  of  comrades,  j 

(1)  The  -simplest  wireless  telephone  transmitter  Is'  j 
I 

[ to  convert  the  three -circuit  regenerative  receiver.  A 

wireless  telephone  transmitter  Is  made  by  -connecting  a 

. 

carbon  microphone  in  series  in  the  antenna  circuit  with 
the  antenna -modulation  method.  Construction  is  shown  as  j 


1 


r 


.  figure  1.  When  operating  this  transmitter,  the  first 

|  thing  to  do  is  tune  the  regenerative,  variable  condenser 

\  G ,  starting  fro®  low  capacity  and  slowly  increasing  the 

| 

1  capacity  until  oscillation  occurs.  (In  the  headphone-  a 

sound  like  ,!pfengn  may  be  heard.  If  there  is  a  squeal  it 

Is  because  the  oscillation  frequency  is  close  to  the  os- 

|  c illation  frequency  of  a  radio  station  nearby.  Bow,  in 
1 

j  order  to  change  the  oscillation  frequency,  tune  CU).  If 

| 

j one  speaks ' toward  the  carbon  microphone  3,  the  modulated 
j wave  is  thus  transmitted. 

i 
t 

j  This  wireless  telephone  transmitter  -may  be  inetal- 

I 

|  lad  on  the  platform  in  a  classroom  for  broadcasting  and  & 

five -tube  receiver  AO  or  DO  may  be  used,  to  receive  the 
S 

|  broadcasting  at  a  student  seat  or  in  another  room.  But 
this  three  circuits  regenerative  oscillation  is  not  power¬ 
ful,  and  the  result  in  receiving  is  not  too  good*  How- 

\  i 

I  ever.  It  is  simple  in  construction  and  convenient  to  make  | 


and  install* 


I*,  j«. 
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Figure  1  I 

(2}  Furthermore,  &  simple  transmitter  (as  shown 
in  figure  2)  which  Is  comparatively  better,  Is  the  plate** 
modulation  method,  The  result  produced  from  this  kind  of 
transmitter  is  better-  than  the  antenna-modulation  method 
mentioned  previously.  Broadcasts  from  this  transmitter 
can  he  received:  with  a  five- tube,  receiver  at  a,  distance  of 
several  tens  of  meters  or  even  farther,  if  the  electron 
tub®  used  in  the  transmitter  is  the  6V6  type  or  the  like,  j 


w 

|  which  is 

the  po 

war*  & 

tffipl 
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i  ordinary 
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|  c  onden  s® r  s ;  C  p 


In  the  figure:  0  and  Cj  ar©  0.00036uF  variable 
s  a  0«002uF  fixed  condenser;  C*  Is  a 


|  0. 0005-uP  fixed  condenser?  and  C4  is  a  0,01uF  fixed  c onden 

l 
( 

|  &  10,000  ohm  resistor#  T  Is  a  low  frequency 

\  transformer;  /with,  a  ratio/  1:3*5  m&J  be  used,  but  it  is 
best  to  convert  it  Into  a  1:30  transformer.  S  is  &  carbon  | 
micr-opnona.  D  is  a,  2~3v  battery*  RFC  is  a  high  frequency 
choke  coll  (or  wind  200  turns  of  varnished  wire  around  a 

f 

j  bvuiya.  pou  holder  lus ts&d } *  Tho  ^yol  teg©  otj  A  bs.t#tery  End 
|  B  battery  will  depend  upon  which  elecyro n  tube  is  being 

i 

|  used.  If  the  type  6V6  is  used,  A  battery  will  be  6  volts 

j 

and  B  battery  will  be  100-200  volts.  L  may  use  thick 
copper  wire  winding  around  a  ceramic  tubing,  or  use  the 

f- 

j  high  leg  insulators  winding  In  the  air,  and  the  number  of 
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turns  will  be  decided  by  experiments, 

A  short  wave  band  in  a  five -tube  receiver  can.  foe 
|  used  to  receive  the  broadcast-  if  L  is  at  about  .10  turns, 

IX  is  &  small  electric  light  bulb.  When  0,  0 ^  , .1  and  Z 

4 

are-  adjusted  to  some  suitable  .position  (for  example?  LX, 

2  turns?  XZ,  6  turns;  ZW,  2  turns;  and  on©  half  of  G  and 
C1  adjusted  out)  and  when  the  email  electric  light  bulb  is 
aglow,  the  elec tromagne tic -wave  transmission  is  clearly 


demonstrated . 


A  5-10  meter  long  insulated  wire -set  up  on  bamboo 
poles  with  insulators  may  foe  used  as  an  antenna •  (Lui ing 


|  experiment. 

if 

the  small 

1 

1  glow  even  C 
j 

is 

adjusted 

1  should  be  1: 

nor 

eased.) , 

|  The  result  will  b©  more  satisfactory  if  one  or  two  j 

stages  of  electron  tube  amplifiers  will  be  added  after  .  j 

the  carbon  microphone  in  this  wireless  telephone  trans-  | 

i 

mi t ter*  j 

(3)  Besides  this,  there  is  another  hind  of  grid-  j 

i  j 

|  modulation  transmitter  of  which  the  construction  xs  about,  j 

|  the  ease  as  in  figure  2.  The  only  difference  is  that  the 

transformer  for  modulation  use  Is  installed  In-  the  grid 

circuit  as  in  figure  3*  This  kind'  of  modulation  method 

;  can  also  obtain  very'  good  results  even  under  conditions  j 
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NOISE  CHARACTERISTICS  OP  ELECTRONIC  DEVICES 


/Following  Is  s  full  translation  of  an  art! 
article  by  Ob. 4  eng  Tsung-chih  appearing 
is.  Wu-li  Tfimg-p&o  (Physics  Bulletin) 

Ho  4,  Peiping  I960*  pages  138-162 jj 


jl*  Noise  and  its  importance*  j 

f 

j  In  the  caraamni cation  system,  the  nodes ireti  signals 

j generally  are  all  designated  as  noise*  For  example;  in  a 
radar  system,  the  signal  wave  la  transmitted  by  &  trans¬ 
mitter  to  survey  certain  objects,  but  after  It  is  reflec- 
ted,  the  receiver  receives  not  only  the  reflected  wave  but 
also  other  electric  energy.  Except  for  the  reflected  j 
; wave,  those  undesired  signals  are  usually  called  noise*  [ 

E 

s 

Another  example  is  that  an  ordinary  broadcast  receiver' re-  ] 

. ceives  not  only  the  broadcasting  program  but  also  some. 

other  sound  with  it.  That  undesired  sound,  besides  the 

•  . 

t 

program  is  also  generally  called  noise.  One  more  example  j 

I 

i is  that  the  degree  of  clarity  in  a  mutual  conversation,  j 

which  is  the  signal,  in  a  textile  mill  ie  affected  by  the'  I 

■  .  i 

loud  noise  from  running  machines  or  other  sounds.  Gener-  I 

1  '  ■  •! 
axly  it  is  said  that  the  mill  *  s  noise  is  very  loud.  •  .  I 

•!  ■  j 

j  There  are  many  noise  sources.  In  an  ordinary  '  j 

j receiver ing  system,  the  main,  source  of  noise  usually  comes  j 
from  electronic  devices ,  such  as  electron  tube  amplifiers,  1 
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crystal  mixers,  and  transistor  amplifiers,  etc.  The  mag¬ 
nitude  of  noise  is  closely  related  with  the  character! s- 

!  ties  of  a  receiving  system.  A  receiver  with  low  noise  has j 

l 

'  l 

high  sensitivity,  or,  in  other  words,  it  could  receive  j 

relatively  weak  signals.  Generally,  speaking,  a  sensitive 
receiver  is  suitable  for  comparatively  long  distance  eom- 
j  muni cation.  Therefore,  the  research  in  noise  and  means  to 
reduce  noise  have  been  crucial  problems  in  long  distance 
|  communication*  ; 

I  j 

|  Besides  the  communication  system,  low  noise  charao- } 

terlstic  devices  are  also  required  in  surveying  equipment 
such  ae  mine  detectors  in  geophysical  prospecting. 

The  demand  for  low  noise  characteristic  electronic  ! 

devices  is  more  urgent  from  time  to  time  in  new  types  of 

|  | 

|  technology  and  subjects,  such  as  radio  astronomy,  long  .  j 

]  distance  radar.  Interplanetary  travelling  and  infra-red  j 

1  .  ■  .  .* 
|  comaninication*  Noise  in  electronic  devices  la  therefore'  [ 

I  ■  • 

an  important  characteristic .  Research  work  is  now  being 
developed  in  -a  wide  scale.  There  are  various  types  of  new 
equipment  with  -low. noise  characteristics  'produced  confirm- 
j  on  sly.  ■  -j 

|  In  this  article,  the  source  of  noise,  comparison 

j  of  different  expressions  in  noise  /calculations/ »  ways  to 
S  reduce  noise  and  various  kinds  of  low  noise  devices  are  J 
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briefly  introduced, 

II,  fix©  Sources  of  Hols®  in  Electronic  Devices.  i 

l 

Noise  in  electronic  devices  is  caused  by 'the  random • 
motion  of  electrons.  The  most  important  noises  are  ther¬ 
mal  noise  and  shot  noise.  These  two  kinds  of  noise  are 

i  i 

■  present-  in  all  kinds  of  electronic  devices  while  the  flick* 

;  er  noise  ,  partition  noise  and  semi conductor  noise  are 

\  | 

1  ore seated  in  certain  electronic  devices  only.  s 

j  *  ! 

(1)  Thermal  noise.  j 

( 

Thermal  noise  is  termed  as  the  noise  generated  by  j 

f 

the  random  motion  of  electrons  in  a  resistor  due  to  the'r-  ( 
m&l  agitation.  According  to  statistical  mechanics,  the 
|  average  mean  square  value  of  thermal  noise  emf  can  be  cal¬ 
culated  as  • 

?2  S  4KTRB. 

lx  the  equation,  K  is  Boltzmann*  s  constant  which  Is 
equal  to  1.3805  x  XO"2^  watt*  second*absolute  temperature”1; 

T  equals  temperature,  absolute; 

R  equals  resistance,’  ohms; 

i 

j  B  equals  bandwidth,  cycles. 

Thus  the  noise  In  a  resistor  can  be  expressed  -  with 
i  a  noise  emf  source  connected  in  series  with  the  ! 

I 

resistor,  or  a  noise  current  source  v  i  connected  in  j 
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parallel  with  the  resistor  as  shown  in  figu- 


pusrtxu: W* 

/ 

f  **‘d 

■ 
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Figure  1*  Equivalent  circuits  for  the 
description  of  the  noise-  in  resistors* 


Due  to  thermal  noise,  the  effective  noise  power  Fa 


is  expressed  as 


P 


a 


ISKfrp' 

V 

4R 


MB 


Wherever  resistance  is  presented  in  any  electronic 
device,  a  respective  thermal  noise  is  also  presented*  The 
l  effective  noise  power  is  proportional  to  absolute  tempera- 

I  ^  - 

I  ture  and  the  freouenoy  bandwidth.  Effective  noise  power  .  j 

-  -i 

;  1 

|  can  oe  reduced  by  decreasing  the  temperature. 

i  (2)  Shot  noise.  I 

|  In  a  diode,  the  formation  of  a  current  is  due  to  j 

electrons  emitted  from  a  cathode  toward  an  anode*  The  j 
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production  of  noise  is  caused  by  the  random  amission  of 
electrons  from  a  cathode  and  the  random  arrival  of  elec¬ 
trons  at  an  abode  which,  is  termed  as  shot  noise*  In  a 
temperature-limited  diode,  the  mean  square  value  of  the 


noise  current  is 


2eIB 


In  this  equation,  e  is  the  electronic  charge;  1  is 
the  DC  current;  and  B  is  the  noise  frequency  bandwidth*  | 
In  a  space-charge -liml ted  diode  it  is 

-2  o  ■ 

i  -  2rSIB 


In  this  equation,  rd  is  the  spaoe-eharge  suppress- 
sion  factor,  and  it  is  usually  in  a  range  from  0,01  to  0.1,, 

I  .  Shot  noise  is  present  in  ordinary  electronic  de-  j 

I  ' 

j  vices  such- as  electron  tubes, 'semiconductor  diodes  and  j 

! 

|  other  transistors.  It  is  an  important  noise  source  in  ■ 

j  electronic  devices. 

!  (3)  other  electron  tube  noises* 

j  ;  -  •  | 

Besides  thermal  noise  and  shot  noise,  .there  are  j 

i  | 

many  other  noises  in  electron  tubes*  For  example,  in  j 

| 

:  multi-electrode  tubes  the  electrons  emitted  from  a  cathode 
toward  an  anode  or  other  electrodes  are  distributed  at 
random  between  different  electrodes..  This  type  of  noise 
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Is  known  as  partition  noise*  If  there  Is  a  little  trace 

of  gas  in  an  electron  tub®,  the  noise  due  to  random  col-  I 

j  ii  si  on  of  ions  is  known  as  'ionisation'' noise,  "Tm  random  | 

j  emission  of  electrons  from  the  phenomenon  of  secondary  j 

|  emission  is  termed  secondary  emission  noise.  Noise  due  to | 

slow  fluctuations  in-  random  emission  of  a  cathode  is  known  . 

as  low  frequency  flicker  noise,  etc,  fids  group  of  no is® 

sources  will  increase  the  total  noise  in  an  electron  tube. j 

v  , 

|  (4)  Hols©  in  semiconductors  (3-4) *  ’  I 

j  fhe  main  noise  sources  in  a  semiconductor  are  ther- j 

mal  noise  and .  shot  .noise.  Then  there  are  low  frequency  j 

noise  •  sources  which  are  termed  .'surface  noise  and  leakage  j 

|  noise*  For  example:  In  a  pnp  transistor,  most  of  the  j 

|  holes  emitted  from  the  emitter  will  diffuse  themselves 

into  the  base  and  go  forward  to  the  collector*  Still 

j  there  is  a  very  email  part  which  recombines  inside  the 

j  base  or  recombines  at  the  surface  of  the  emitter  and  'the 

[  base.  Noise  due  to  the  surface  recombination  is  called 

|  surface  noise,  Leakage-oonduo tance-and-leakage  phenomena 

|  are  formed  at  the  Junction  of  the  collector,  which  is 

I  i 

j  another  source  of  noise  resulting  from  poor  technique  in  j 

|  manufacturing.  This  type  of  noise  is  called  leakage 

noise.  These  two  kinds  of  noise  have  about  the  ©am®  , 

characteristics  as  flicker  noise  which  is  l/fr  (figure  2)  j 


13 


nois®  factor  and  the  effective  no3.se  temperature 

(1)  Hols©  ratio  n. 

It  is  because  of  the  production  of  a  rondo®  amount 

of  noise  that  people  in  general  are  interested  in  c&lcu 

lating  noise  power.  If  N0?  'the  effective  output  noise 

power  of  a  certain  electronic  device  within  a  certain 

frequency  bandwidth,  divided  by  the  effective  the*®*! 

nolis#  output  power  within  the  sane-  frequency  -bandwidth,  iaj 

v  _  | 

called  noise  ratio  n,  then  j 

n  ss 


«Sl3u. 

EE0B 


-  in  this  equation  T0  is  the'  environmental  •  tempera¬ 
ture  which  is  usually  room  temperature  1?°0  £el*7*  that 

*£n  s  290°E. 

o 

If  an  ^1-60 tronlc  &$vic©  h&&  &>  hlgh.01?  boIm* 
its  effective  noise  output  power  should  be  bigger  and  the 
noice  ratio  n  should  also  bo  bigger* 

{2}  Equivalent  noise  resistance 
Th.®  noise  of  any  ©lea ironic  device  could  be  ex¬ 
pressed'  by  its  equivalent  noise  resistance.  For  examples 
it  is  usually  by  connecting  a  resistance  between,  a  cath¬ 
ode  and  a  grid  of  an  electron  tube  that  the  noise  charac¬ 
teristic  of  that  tub®  Is  expressed  and  it  is  called  the 
e equivalent  noise  resistance*  After  the  thermal  noise  of 
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Ig  is  the  cathode  current,  ampere j  j 

I 2  Is  the  screen  grid  current,  Asp.  j 

gra  is  the  mutual  conductance,  mb.es.  | 

If  the  noise  is  large  in  an  electron  tube,  its 

equivalent  noise  resistance  is  also  large.  For  low  noise 

> 

j  applications,  an  electron  tube  with  low  equivalent  noise 

i 

resistance  should  b©  selected. 

('5)  Noise  factor 

*  "*  l 

! 

J  There  is  a  certain  ratio  required  In  the  amplifiers  | 

or  receiving  systems  made  fro®  any  electronic  devices.  It 
is  the  output  signal  power  S0  to  the  output  noise  power 
J  K0  ,  For  example:  in  a  good  ooauaunl cation  system,  signal 
i  to  noise  ratio  is  2G  decibels  and  an  Inferior  system  may 

j  use  10  decibels.  In-put  signal  power  to  the  Input  noise  | 

j 

I  power  ratio  divided  by  the  output  signal  power  to  output  j 
j  noise  power  ratio  is  called  the  noise  factor*  That  is 

t 

5 

}  v  ^  /  (fjLJ 

!  '  H  «0  i 

: 

In  this  equation  -S*  ,  Nj.  ,  S0  ,  and  N0  will  all  be 
effective  powers  when  the  amplifier  operates  at  matching  •  . 

f 

conditions  regarding  its  input  power- and  output  power. 

i 

j The  gain  of  an  amplifier  G  (figure  4),  sis©- is  j 
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Figure  4.  The  Definition  of  the  Folse  Factor. 


If  the  amplifier  la  an  Ideal  amplifier,  in  that  no  | 

1  ■  i 

I  noise  le  generated  within  itself*  then  the  ratio  of  out-  | 


put  signal  power  to  input  signal  power  will  be  G>  and  the 
ratio  of  output  noise  power  to  input  -noise  power  is  also 
G,  that  is 


03 


i 


N 


o 


m 


so  that  F 

Taking  the  logarithm  F 


l 


10  1  og^o®' ratio  *  '  ®  decibel 


Thus  the  ideal  amplifier  which  generates  no  noise 

I  within  itself  has  a  noise  factor  of  1*  or  0  decibel.  In 

| 

|  fact*  all  amplifiers  have  some  noise  generated  within 
|  themselves  and  any  noise  factor  is  bigger  than  1  or  high- 
j  er  than  0  decibel.  The  noise  factor  can  thus  express  the 
i  noise  characteristic  of  an  electronic  device.  When  the 


j  noise  is  high*  the  noise  factor  is  large 
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In  a  real  amplifier: 


and  N 


o 


61 1* 


°o 

»0 


'Gri'i  j  +  N  * 


In  tills  equation,  GKt  is  the  output  noise  power 
which,  is  input  noise  power  after  amplification,  and  N*  is 
the  component  of  the  output  noise  which  is  produced  by 
noise  sources  within  the  device.  The  noise  factor  is 


r 


GWi 


GIh 


,r  $ 


Therefor®  F  -  1  is  expressing  the  ratio  of  the  com¬ 
ponent  of  the  indicated  output  noise  power  to  the  output 
noise  power® 

Because  of  the  noise  characteristic  related  to  the 
frequency  and  the  frequency  bandwidth,  it  is  necessary  to- 
define  the  center  frequency  and  the  effective  noise  fre¬ 
quency  bandwidth  while*  the  noise  factor  is  being  studied. 

(4)  Effective  noise  temperature 

In  recent  years,  effective  noise ' temperature  is 
often  used  to  express  noise  performance*  According  to 
the'  noise  factor  deduction,  if®  have 
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In  this  equation  P  is  the  noise  factor  (ratio)  *  and 
Te  is  the  effective  noise  temperature  {°K}#  Ac cord lag  to 
I  the  above  equation*  the  correlation  between  the  noise  fac~| 

S  tor  (decibel)  and  the  effective  noise  temperature  could  be| 

}  .  I 

|  found.  For  instance,  when  F  »  1  decibel ,  Te  ™  75*5°  Kj  if) 

F  =r  3  decibels,  then  T@  s  288®K. 

!  '  - 

Recently,  the  development  of -microwave  low  noise 
t  -  .  . 

|  amplifiers  has  been  very  fast*  For  instance-,  the  resort**  | 

|  ant-cavity  quantum  amplifier  has  a  noise  factor  as  low  as  !' 
|  0.03  decibel  at  3000  megacycles,  fhe  effective  noise  tea- j 
perature  is  as  low  as  2°£.  In  the  microwave  range,  the  j 
semiconductor  with  a  variable  'capacitance  parametric  am-  j 

|  pllfier  has  a  noise  factor -.as  low  as  0.4  -decibel,  and  the  j 
j  effective  noise  temperature  is  as  low  as  28°K*  | 

i  (5)  Noise  measure  (5)  .  .  *  i 

|  t 

|  Suppose  there  were  two  stages  of  amplifiers  con-  1 

j nested  in  cascade  (figure  5) ,  or  one  mixer  stage  and  one  j 

i  I 

|  amplifier  stage  were  connected  in  eascad®,  and  If  the  gain j 

J of  the  first  stage  is  ard  its  noise  factor  is  the  j 

|  gain  of  the  second  stage  is  Gg  ,  and  its  noise  factor  is  j 

|  Fo  ,  then  the  overall  noise  factor  F-j  o  is  •  I 


Pg-l 
1  +  % 


the  second  amplifier  now  is  changed  to  the  input  end. 
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noise  measure  comes  into  view. 


Suppose  the  cascaded  connection  shown  in  figure  5& 


has  &  high* 

zr  overall  noise  fa 

otor  than  shown  In  figure  5b? 

That  Is 

F1P.  ^ 

•  F21 

:  also 

! 

: 

4  p2ml  : 

x  Gi 

•>  J!- 

6g 

j  in  the  above  equation,  minus  1  on  both  sides,  we  obtain 


Ft  "1  4  «JL ">  Fg“l  4 

;  GI 

I 

|  rearrange  the  above  equations 


Fi  -1 


) 

\ 


Let  M  be  the  noise  measure  for  one  amplifier, 


M 


Then 


%  >  «2 


|  Therefore  when  F^g  >  Fgi  ,  %  >  Mg  ;  that. is.  In  order 

I  to  obtain  a  lower  noise  ehara e te ri s 1 1 c ,  the  device  with 

i  '  . 

!  less  M  should  be  placed  at  the  first  stage® 
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Hoise  measure  is  a  kind  of  performance*  It  Is  used 
to  decide  as.  to  which,  is  the  first  stage  In  a  cascaded 
:  connection.  At  present  this  performance  has  not  been' 
widely  used* 

(6)  Equivalent  noise  circuit 

The  characteristic  of  an  electronic  device  can  be 
expressed  by  Its  equivalent  circuit.  The  noise  character¬ 
istic  can  also  be  suitably  expressed  by  an  equivalent 
:j  noise  source  and  an  equivalent  circuit  for  this  noise 
characteristic  can  thus  be  drawn.  According  to  this 
equivalent  circuit,  the  other  elements  such  as  the  methods 

|  of  connection,  signal  source  and  load,  etc.  which  may  af- 
I  -  | 

S  feet  the  noise  characteristic  may  toe  Inferred* 


J  v' 

'  V  i 


xx'gu-.  %3> 


M  ¥*•  o  b 


JiTf 


,JT  -1  * 

f  €  & 


fesiwe't-Jiwasfeiawiiti j$j> 


Figure  6«  Transistor  equivalent  circuit! 


Figure  6  Is  a : kind  of  transistor  equivalent  cir- 
;  cult.  In  this  figure,  r^t  is  the  spreading  resistance 


vfk?  represents  the  thermal  noise  gen 
■  feb  *  _ ... 


of  the  base? 


er&tor  which  coses  from  resistance  r^i  j  v^t&  represents 
conductance  inside  the  transistor  between  the.  emitter  end' 
the  bases  ./i£*~  represents  the  equivalent  noise  our- 
rs-at  generator  which  comes  frost  tbs  surface  noise  j  arid 

/uflNHtoMdar 

“2 

s/  i©o  represents  the  equivalent  noise  current  generator 

|  which  cornea  tr'm  the'  leakage  noise.  Following  the  equl- 

j valent  circuit,  different  kinds  of  noise  characteristics  • 

I  of  a  transistor  could  be  calculated, 

{  '  -  v 

j  ' 

j 17.  The  Principal  Methods  to  Reduce  Noise 

I  Reduction  of  noise  is  one  of  the  necessary-  steps 

|  | 

l  to  satisfy  the  requirement  for  sensitivity  Isa  a  receiving 

j  ■■  ■  -  ■  i 

f  system.  Following  are  the  principal  methods  for  the  reduo*f 

j  S 

t. ion  of  noise  from  electronic  devices.  j 

i  .  ,  i 

|  (i)  Research  in  trial  manuf ae turing  of  low  noise 

; 

I  devices  /Is  now  going  on/®  These  devices  include  the 

| 

i  newly  made  quanto®  amplifier  in  the  microwave  devices,  the 

|  | 

1  semiconductor  diode  with  variable  capacitance  parametric  | 

j  | 

amplifier,  and  the  electron  beam  parametric  amplifier  etc.  \ 

\  I 

|  They  all  possess  low  noise  characteristics ,  | 

|  (2)  Improvement  of  the  noise  characteristics  in  j 

I  electronic  devices  already  established  ££n  the  market/,  j 

|  f 

|  These  Include  the  manufacturing  of  extraordinarily  low  j 

i  I 

I  noise  transistors  and  electron  tubes,  and  the  elimination  j 
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of  the  leakage  noise  source  and  the  surface  noise  source,  j 

etc.,  from  transistors  so  as  to  improve-  noise  characterise j 

ties*  ■  | 

i 

(3)  operation  of  the  electronic  devices  under  suit**; 
able  low  temperature  conditions  so  that  the  temperature-  j 

related  thermal  noise  may  be  reduced  and  that  the  noise  -I 

j  .  j 

|  characteristics  may  be  improved.  . 

}. 

(4)  '  Operation  of  the  signal  source  at  low  tampers  -  j 

I  .  w  „  •  | 

I  turs  conditions  *  An  is  th.s  signal  source  xzi  a  ^  i 

*■.  t 

ore&amlifler  or  in  a  mixer  stag®  which  is  usually  expres-  j 

Jr.  "  J 

sed  by  an  equivalent  antenna  resistance.  Reduction  of  the 
j  equivalent  ^olsgj  temperature  will  help  to  Improve  noise 

j characteristics.  ;  ‘  * 

j  (5)  Operation  of  circuit  elements  at  optimum  con- 

j  difciona.  The  opera  tlng;<voltage  in  an  amplifier, •  operating 
J  current  and  matching  requirements  are  all  related  to  noise j 
|  characteristics.  To  find  the  best  optimum  noise  operating 
conditions  is  to  select  a  suitable  operating  point,  cir¬ 
cuit  combinations  and  matching  conditions. 

(6)  If  certain  parts  of  other  circuits  are 
utilised  it  ©ay  help  to  reduce  noise  In  a  system.  For 
example  »  if  In  a  microwave  amplification,  a  rotating 
j  device  is  used,  the  noise  characteristic  of  a  system  will 


)  be  reduced,  for  noise  thrown  'back  from  the  load  will  not  | 
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j  be  amplified*  The  total  noise  is  thus  reduced, 

i 

j  Nevertheless,  because  of  the  importance  of  loi 


no! 

ae  devices 

and  low 

noise  receiving  i 

systems ,  efforts 

are 

being  made 

in  man 

j  ways  to  reduce  ■ 

the  systems  *  nol 

eha 

racteristic 

s  of  el 

eotronio  devi ces. 

circuits,  syste; 

and 

related- pa 

rts  and 

operate  them  in  i 

suitable  environ 

I  mental  conditions*  These  efforts  will  boost  sensitivity 

i 

I 

j  and  increase  the  communication  systems*  distance*  Pro-- 
i 

l  gress  in  this  line  of  work  Is  being  made  rapidly. 
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EXPERIMENTS  CONDUCTED  WITH  THE  USE  OF  ELECTRON  TUBES 

/Following  is  the  full  translation  of 
an  article  written  by  i?Ma -£rh~Ko^LinM 
and  translated  by  T'ang  Wen-ehlfc,  ap¬ 
pearing  In  Wu-lt  I’ung-pao  (Physios 
Bulletin!  Ho*  4,  Peiping ,  x^oO,  pages 
184-185*/ 

WbsB  t©ntfa.«gra students  study.-  the  ckapt bt  on 
"electromagnetic  oscillation  and.  electromagnetic  waves” 
they  could  understand  only  the  application-  ©f  electron 
tubes  to  radio  transmitting  and  receiving.  In  fact,  in 
modern  technology  ,  all  electron  tubes  have  exceedingly 
wide -spread  applications  such  as  in  all  kinds  of  auto¬ 
matic  installations ,  equipment  to  control  ana  regulate 

-  ’  « 

machines,  and  in  all  kinds  of  measurement  apparatus,  etc. 
In  tills  article,  two  devices  are  described*.  These 
two  devices  may  be  used  to  conduct  experiments  either  in 
-’the  -classroom  or  In  after-class  activities*  The  neces¬ 
sary  devices  could  be  Bad©  completely  by  fcne  students 
themselves* 


EQUIPMENT  FOR  EXAMINING  METALLIC  IMPURITIES. 

Ih®  examination  of  metallic  Impurities  In  an  insu¬ 
lating  material ,  is  conducted  technically  with  an  elec- 
tron  tube  oscillator*  When  the  material  being  examined  is 


inserted  into  tii®  coll  winding  of  th*  owij.lftt63?j  the 

connected  In  the  plat®  circuit,  will  indicate  an 
increase  in  the  BO  component  if  there  are  AiUpni-i. &xe fa • 

The  reason  for  this  is  that  the  metallic  current  conduct- 
lug;  substance  Inserted  into  the  coil  induces  an  eddy  cur¬ 
rent,  so  that  the  energy  is  absorbed  from  the  oscillator. 
The  high  frequency  current  amplitude  (and  the  local  fre¬ 
quency)  is -decreased.  This  could  be  discovered  by  the 
increase  of  the  DO  component  in  the  plate,  current.  (Fig¬ 


ure  X}» 
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f  ^fae  apparatus  is  mads  according  to  the  three-point- 

circuit  oscillator,  the  coil  L  is  mads  from  60  .turns  of  j 
0, ,6-0.8  m  Tarnished  copper  wire.  There'  1»*  &  at  th@  f 
|  40 th  turn  counted  from  the  end  where  the  plate  is  connee-  ■ 
t®d.  The  diameter  of*  the  coil  is  30mm *  The  capacities  of  . 
the  different  condensers  are:  120uuF ,  Cg— 160uuF,  and 

C*~0.1uF.  The  grid  leak  resistance  is  30,000  ohms.  A  [ 

I 

■  60Q  tTO®  of  electron  tube  Is  used  in  this  circuit.  The 
direct  voltage  power  supply  comes  from  a  rectifier  with  an» 

|  output  of  200-250  volts.  The  filament  of  the  electron  tu  j 

*  i 

1  tube  is  also  Seated/  by  the  rectifier.  An  ordinary  j 

|  demonstrating  galvanometer  is  connected  in  the  circuit  j 

|  and  the  Indicating  needle  in  the  meter  is  adjusted  at  jj 

j  j 

j about  the  middle  of  the  scale  board  when  the  plate  current j 

starts  to  flow.  | 

E  .  p 

|  '  | 
I  The  oscillator  is  installed  on  an  upright  control  j 

|  panel  25  x  40cm.  All  the  parts  will  be  installed  on  the  j 

|  front  side  of  the  control  panel .  At  this  time,  the  coil,  j 

1  ip  vert* call v  installed  so  that  the  material  being  exam-  \ 
!  . * 

jj  '  t 

|  ined  In  a  test  tube  will  be  conveniently  inserted  into  ; 

I  I 

I  this  coil.  | 

|  The  experiment  procedure  iss  after  the  power 

| 

\  eupnly  Is  turned  on,  the  oscillation  circuit  will  start 

| 

j  to  oscillate.  •  A  testing  coil  connected  with  a  2~3.5v  | 


. . .  (.  | .  f||,  n  -  lm  , 1 1,^,1!  w,|,(,  ,  (  >  ,  ...  _ _ , _ ■  - jj 

small  ©lee trie  light  bulb  or  a  aeon  tub©  connected  to  the 
o  so  ilia  ting  circuit  leads  will  start  ^sic/^  the  oscillation. 
The  reading  from  fee  meter  in  the  plate  circuit  la  now  ob-  , 
served  after  the  oscillation  started*  ■ 

When  a  test  tub©  filled  with  clean  sand  particles 
Is  inserted'  into  the  coll  ,  there  will  be  no  change  noticed 
j  in  the  plate  current.  If  10 -percent,  20  percent  or  any 
amount  of  iron  fillings  is  mixed  with  the  clean  sand  par¬ 
ticles  in  the  test  tube,  an  increase  in  the  plate  current 
will  be  observed.  The  numerical  value  increased  in  the 
current  is  proportional  to  the  percentage  of  the  impuri¬ 
ties  added. 

ELECTRON  TUBE  AMMETER 

Electron  tubes  could  be  used  to  make  .sensitive 

*  .  ;D . 

| ammeters.  This  kind  of  ammeter  is  able  to  measure  10  — 

!l0“*9  amperes  such  as  a.  photo  electric  current, 
j 

!  The  principle  of  this  apparatus  is  as  follows?  if 

a  io®— “109  ohm  resistor  is  connected  in  series  in  a  grid 
circuit  of  an  electron  tube,  an  approximately  1-volt  drop 
will  -be  obtained  in  the  circuit  when  the  current'  is 
10 — 10~9  amperes.  A  change  in  voltage  at  the  -grid  AUg 
will  correspondingly  introduce  a  change  AIa  in  the  plate 
current.  The  change  In  plate  current  will  be. decided  by 
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the  formula  t 


A  T 

f-t-A  **"■ 


1  here  8  le  tbs  mutual  conductance  of  the  electron  tube*  j 

!  | 

1  Thus  the  electron  tube  Is  able  to  obtain  a  current  ampii-  | 

I  I 

I  ! 

I  f  1  cations  -•  .  \ 


1  .01 s  /  "t.  ^ 


s  &3JI4 

ft  F 


Per  an  electron  tube  with  mutual  conductance  8  a  j 

I 

10 "-5  a/b,  the  numerical  value  of  the  coefficient  of  aapli-  j 

_ £>  .  _  f>  .  1 


i  flcatior*  oav  reach  as  high  as  10 •'  — icr.  ’  I 

I  ’  .  j 

j  Among  electron  tubes  often  used  today  *  6Mr  and  Sain | 
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.is  supplied  ! 

|  from  a  set-  of  dry  cells.  The  two  filament  leads  are  eon-  j 
I  nected  to  the  electric  source  with  2»4  volts  or  1*2  voxts  j 


If  1.2  volts  is  used,  one  half  of  the  f liftmen*  should  to© 
connected  in  parallel  with  the  other  half.  Th®  grid  leak 
j  resistor  will  produce  the  effect  of  an  insulating 
I  resistor  between  the  cathode  and  grid  of  the  electron  tutoei 


Figure  3 


Wh.®n  we  operate  the  electron  tube  under  cfae  sj 
fled  conditions  the  plate  current  is  about ' equal  to  5&a, 
the  indicating  needle  oiV  the  ammeter  will  he  tilted  to  one 
{end  of  the-  seal©  board. -  The  adjuster  should  be  used  to 
l-**t  the  needle  at  about  the  middle  of  the  scale  'board. 

|  To  demonstrate  the  photoelectric  effect  (,jS&u~t  o- 

J  lieh-t*o--fun  experiment) ,  a  sine  plate  is  first  connected 
\  to  the  grid  of  the  electron  tube.  In  front  of  this  zinc 
|  plate,  another  net-like  electrode  is  fixed.  For  tae  sake 
•j  0f  convenience,  the  asbestos  wire  gauze  which  a  school 
|  usually  has  can  be  used  as  a  net-life©  electrode*  .  l‘he  as** 

V 

|  bestoe  wire  gauze  shouldjse^  thojroughly  '  el  eaned.  1 1  will 
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,  iiiL-iJ-U-i-liil  Hi  I-ITTI-' _ 

b©  connected  to  the  positive  terminal  of  the  battery  set. 

fines®  two  electrodes  can  be  fixed  firmly  on  a  table 
rith  the  stand  which  is  usually  used  to  demonstrate  the 
effect  of  variable  condensers. 

An.  eieotrie  arc  shines  on  the  siuo  plate*  x~m£ 
division®  on  the  seal©  will  be  increased  in  the  esmetw. 

If  the  sin®  plat®  has  a  mercury  aoalgaa,  the  photoelectric 

effect  will  be  more  pronounced. 

Translated  by  I’aBg  Weu^ohih  fro®.  "She  teaehiiag  oi 

physics**  Ho.  6,  1956  Soviet  Union* 
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